Ischemia-related changes in naive and mutant forms of ubiquitin and neuroprotective effects of ubiquitin in the hippocampus following experimental transient ischemic damage.
Ubiquitin binds to short-lived proteins and denatured proteins produced by various forms of injury. The loss of ubiquitin leads to an accumulation of abnormal proteins and may affect cellular structure and function. The aim of the present study is to observe the chronological changes in ubiquitin naive form and its mutant form (ubiquitin(+1)) in the hippocampal CA1 region (CA1) after transient cerebral ischemia in gerbils. Delayed neuronal death in the CA1 was confirmed 4 days after ischemic insult with NeuN immunohistochemistry. Ubiquitin immunoreactivity and protein level in the CA1 were lowest at 12 h after ischemia/reperfusion; thereafter, they were increased with time. Ubiquitin(+1) immunoreactivity and protein levels in the CA1 were slightly decreased at 3 h after ischemia/reperfusion, and they were significantly increased 1 day after ischemia/reperfusion. In addition, ubiquitin and ubiquitin(+1) immunoreaction was expressed in astrocytes after delayed neuronal death in the ischemic CA1. To elucidate the protective effect of ubiquitin on ischemic damage, the animals were treated with ubiquitin (1.5 mg/kg body weight) intravenously via the femoral vein. Ubiquitin treatment significantly reduced ischemia-induced locomotor hyperactivity, neuronal death and reactive gliosis such as astrocytes and microglia. In addition, 5 days after ubiquitin treatment in the ischemic group, ubiquitin immunoreactivity was similar to that in the ubiquitin-treated sham group, however, ubiquitin(+1) immunoreactivity was higher than that in the ubiquitin-treated sham group. These findings indicate that the depletion of ubiquitin and the accumulation of ubiquitin(+1) in CA1 pyramidal neurons after transient cerebral ischemia may inhibit ubiquitin proteolytic pathway and this leads to delayed neuronal death of CA1 pyramidal neurons directly or indirectly after transient cerebral ischemia.